SEMICONDUCTOR DEVICE AND METHOD OF FORMING VERTICAL
INTERCONNECT STRUCTURE USING STUD BUMPS Field of the Invention
The present invention relates in general to semiconductor devices and, more
particularly, to a semiconductor device and method of forming a vertical
interconnect structure using stud bumps and integrated passive devices
(IPD) for fan- out wafer level chip scale packages (FO-WSCSP). Background
of the Invention Semiconductor devices are commonly found in modern
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Background of the Invention

Semiconductor devices are commonly found in modern
electronic products. Semiconductor devices vary in the number
and density of electrical components. Discrete semiconductor
devices generally contain one type of electrical component,
e.g., light emitting diode (LED), small signal transistor,

resistor, capacitor, inductor, and power metal oxide



military applications, aviation, automotive, industrial controllers, and office
equipment. Semiconductor devices exploit the electrical properties of
semiconductor materials. The atomic structure of semiconductor material
allows its electrical conductivity to be manipulated by the application of an
electric field or through the process of doping. Doping introduces impurities

semipedthe semidorfutittsimatetial fomanipubdte BAdEontrot thel Sty of
semithersamiconducion deyce A seruagndustardeavice.eentams aciive andi ons of
passive electrical structures. Active structures, including bipolar and field
elechfdGtransiitGia eantrol thé ﬁ%WP&ree‘ie&ﬁcélntﬁﬁéﬁE%?z Varing F6VEIS bP T
devideping anthapplicatien eban relectse fildnocbase-curenic the, tramsistoe d -
romotes gr restricts th(i flow ofheCLIectrical current. Passive structures,

ith
CouB it R R ortC CRBAGITE T FRbLDrs 2 Arbete LT BRloNShp BAMHBER®

deviveltagepamdsgurrent necessary to -2 perform a variety of electrical functions.

The pasgive Pngng%t(i:vteoﬁtru (;[g]rieseasre el%%t(rji%alIyacc%gn.nggterdato fgrrg ﬁcircuits,
which eniable the semiconductor device to perfIBrm hlglh-speecrilgcalcu ations

funcand othes wseful surictions s§emicorelctoradevices, aregenerdllyt ing and

receTNMiaCIRALSNG, I compley MAMfadting pracesses:ie.. fnkend
manu acturlng, an ack-end manu acturlng, each Involiving potentlal Yy
devikersdrets of stepsnFrontsendlmahbfacturineinvolves tthe fermatioreeftda ng

visuBlHrality, oL die,on, thesyriace of & segycondyctar water.Eaah digis bypically

identicaland contains circuits formed by electrically connecting active and
deviggssiver eorhponents Babk-ehdmarufaéturinggmvcives singulating

communications, power conversion, networks, computers, and
consumer products. Semiconductor devices are also found in
military applications, aviation, automotive, industrial
controllers, and office equipment.

Semiconductor devices exploit the electrical
properties of semiconductor materials. The atomic structure of
semiconductor material allows its electrical conductivity to be
manipulated by the application of an electric field or through
the process of doping. Doping introduces impurities into the
semiconductor material to manipulate and control the
conductivity of the semiconductor device.

A semiconductor device contains active and passive
electrical structures. Active structures, including bipolar and
field effect transistors, control the flow of electrical
current. By varying levels of doping and application of an
electric field or base current, the transistor either promotes
or restricts the flow of electrical current. Passive
structures, including resistors, capacitors, and inductors,

create a relationship between voltage and current necessary to



individual die from the finished wafer and packaging the die to provide
structural support and environmental isolation. One goal of semiconductor
manufacturing is to produce smaller semiconductor devices. Smaller devices
typically consume less power, have higher performance, and can be
produced more efficiergEtF:Y. In addition, smaller semiconductor devices have
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One goal of semiconductor manufacturing is to produce
smaller semiconductor devices. Smaller devices typically
consume less power, have higher performance, and can be produced
more efficiently. In addition, smaller semiconductor devices
have a smaller footprint, which is desirable for smaller end
products. A smaller die size may be achieved by improvements in
the front-end process resulting in die with smaller, higher
density active and passive components. Back-end processes may
result in semiconductor device packages with a smaller footprint
by improvements in electrical interconnection and packaging
materials.

Another goal of semiconductor manufacturing is to
produce higher performance semiconductor devices. Increases in
device performance can be accomplished by forming active
components that are capable of operating at higher speeds. In
high frequency applications, such as radio frequency (RF)

wireless communications, IPDs are often contained within the



while the die are mounted to the carrier. The vias are then filled with an
electrically conductive material, for example, copper deposition through an
electroplating process. The TSV and THV formation involves considerable
time for the via filling due to its small area. The fully-filled TSV can produce
high stress between vias leading to crackinIgEiand lower reliability. The
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The TSV and THV formation involves considerable time
for the via filling due to its small area. The fully-filled TSV
can produce high stress between vias leading to cracking and
lower reliability. The equipment needed for electroplating,
e.g., plating bath, and sidewall passivation increases
manufacturing cost. In addition, voids may be formed within the
vias, which causes defects and reduces reliability of the
device. TSV and THV can be a slow and costly approach to make
vertical electrical interconnections in semiconductor packages.
These interconnect schemes also have problems with production

yield, large package size, and process cost management.
Summary of the Invention

A need exists to provide a vertical interconnect
structure for stacked semiconductor devices. Accordingly, in
one embodiment, the present invention is a method of making a

semiconductor device comprising the steps of providing a



temporary carrier, and forming a second interconnect structure over a
second surface of encapsulant opposite the first interconnect structure. In
another embodiment, the present invention is a method of making a
semiconductor device comprising the steps of providing a carrier, forming a
stud bump over the carrier, mounting a semiconductor die or component to
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In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a carrier, forming a stud bump over the carrier,
mounting a semiconductor die or component to the carrier,
depositing an encapsulant over the semiconductor die or
component and around the stud bump, and forming a first
interconnect structure over a first surface of the encapsulant.
The first interconnect structure is electrically connected to
the stud bump.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
forming a first interconnect structure having a first IPD,
forming a stud bump over the first interconnect structure,
mounting a semiconductor die or component to the first
interconnect structure, depositing an encapsulant over the
semiconductor die or component and around the stud bump, and
forming a second interconnect structure over the encapsulant

opposite the first interconnect structure.



Brief Description of the Drawings FIG. 1 illustrates a PCB with different types
of packages mounted to its surface; FIGs. 2a-2c illustrate further detail of the
representative semiconductor packages mounted to the PCB; FIGs. 3a-3h
illustrate a process of forming a vertical interconnect structure using stud
bumps; FIG. 4 illustrates the semiconductor device with vertical interconnect
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FIG. 1 illustrates a PCB with different types of
packages mounted to its surface;

FIGs. 2a-2c illustrate further detail of the
representative semiconductor packages mounted to the PCB;

FIGs. 3a-3h illustrate a process of forming a vertical
interconnect structure using stud bumps;

FIG. 4 illustrates the semiconductor device with
vertical interconnect structure having stud bumps;

FIG. 5 illustrates stacked semiconductor devices
electrically interconnected with the stud bumps;

FIG. 6 illustrates the semiconductor device with stud
bumps and die having upward facing active surface;

FIG. 7 illustrates the semiconductor device with IPD
formed in a bottom-side interconnect structure;

FIG. 8 illustrates the semiconductor device with IPD
formed in a topside interconnect structure; and

FIG. 9 illustrates another embodiment of the
semiconductor device with IPD formed in the bottom-side

interconnect structure.



by the appended claims and their equivalents as supported by the following
disclosure and drawings. Semiconductor devices are generally manufactured
using two complex manufacturing processes: front-end manufacturing and
back-end manufacturing. Front-end manufacturing involves the formation of
a plurality of die on the surface of a semiconductor wafer. Each die on the
wafer containsBRtRE i PESST R R Lok iRt Wtich are
electrically connected to form functional electrical circuits. Active electrical
componems, suchsas transistars and diedes Havetbe abilitytee- contrelihe
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two complex manufacturing processes: front—-end manufacturing and
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back—-end manufacturing. Front-end manufacturing involves the
formation of a plurality of die on the surface of a
semiconductor wafer. Each die on the wafer contains active and
passive electrical components, which are electrically connected
to form functional electrical circuits. Active electrical
components, such as transistors and diodes, have the ability to
control the flow of electrical current. Passive electrical
components, such as capacitors, inductors, resistors, and
transformers, create a relationship between voltage and current
necessary to perform electrical circuit functions.

Passive and active components are formed over the
surface of the semiconductor wafer by a series of process steps
including doping, deposition, photolithography, etching, and
planarization. Doping introduces impurities into the
semiconductor material by techniques such as ion implantation or
thermal diffusion. The doping process modifies the electrical

conductivity of semiconductor material in active devices,



materials with different electrical properties. The layers can be formed by a
variety of deposition techniques determined in part by the type of material
being deposited. For example, thin film deposition may involve chemical
vapor deposition (CVD), physical vapor deposition (PVD), electrolytic plating,
and electroless plating processes. Each layer is generally patterned to form
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electroless plating processes. Each layer is generally
patterned to form portions of active components, passive
components, or electrical connections between components.

The layers can be patterned using photolithography,
which involves the deposition of light sensitive material, e.g.,
photoresist, over the layer to be patterned. A pattern is
transferred from a photomask to the photoresist using light.
The portion of the photoresist pattern subjected to light is
removed using a solvent, exposing portions of the underlying
layer to be patterned. The remainder of the photoresist is
removed, leaving behind a patterned layer. Alternatively, some
types of materials are patterned by directly depositing the
material into the areas or voids formed by a previous
deposition/etch process using techniques such as electroless and
electrolytic plating.

Depositing a thin film of material over an existing
pattern can exaggerate the underlying pattern and create a non-

uniformly flat surface. A uniformly flat surface is required to



combined mechanical action of the abrasive and corrosive action of the
chemical removes any irregular topography, resulting in a uniformly flat
surface. Back-end manufacturing refers to cutting or singulating the finished
wafer into the individual die and then packaging the die for structural support
and environmental isolation. To sini;ulate the die, the wafer is scored and

ProdbtkefiMabhG notRfinBidial egioRs bf B ivafertalied Saff Strés ot Ve

compsehess Themafarisisingulatedusing a lasercutting-toeb 0k sat blade1 Aftebm
singulation, the individual die are mounted to a package substrate that

the G REDIRS of ConEE ALY Mteteomiectionwwitts ofheY systdm Surface:

Plane@mpanenis. Contart pads doimed ayer the samicanductor diecaredhen with a
nnected to contact gads within the package. The electrical conpections

.C
pol i BE mate with'selbsrburtips. Stud blips; EondGetve paste SO oot #re
addewirebonds: Anwehcapsulantorother molding hmatetiallis dleposited Dver the

comRackaGS 10;provide physical support and electical isolatipn. The fiyished _. .,
packageis then mserted into an electrical Systém” and the functionality of the
of téemicoadictal dewicevs madey availaiije ie thecothep system comapoientsg in a

uni fglf%ll |Ilg§tf€rt%te§uerl(%¢;atrcoenjc device 50 having a chip carrier _substrate or PCB
with a plurality of semiconductor packages mounted on its surface.

Elec_'[roni@:adév'reeléo mylﬁal\ié:mrtyp@@f semimdqctmmkage, or
s1ingiliple tynresof sSemicongucior packages, 9&899%'89\9{‘01’@5139&1'83%9%% then

The -9 ditferent types of semiconductor packages are shown in FIG. 1 for
packpgrpoges btilldstatdor. Eléatvortic device Boemay benal seandialonasysem

i so1tiat 4ipes the semiceNAHClonRACkages Q REMIR OPe,QA MO o4 and broken

along non-functional regions of the wafer called saw streets or
scribes. The wafer is singulated using a laser cutting tool or
saw blade. After singulation, the individual die are mounted to
a package substrate that includes pins or contact pads for
interconnection with other system components. Contact pads
formed over the semiconductor die are then connected to contact
pads within the package. The electrical connections can be made
with solder bumps, stud bumps, conductive paste, or wirebonds.
An encapsulant or other molding material is deposited over the
package to provide physical support and electrical isolation.
The finished package is then inserted into an electrical system
and the functionality of the semiconductor device is made
available to the other system components.

FIG. 1 illustrates electronic device 50 having a chip
carrier substrate or PCB 52 with a plurality of semiconductor
packages mounted on its surface. Electronic device 50 may have
one type of semiconductor package, or multiple types of

semiconductor packages, depending on the application. The



electrical functions. Alternatively, electronic device 50 may be a
subcomponent of a larger system. For example, electronic device 50 may be
a graphics card, network interface card, or other signal processing card that
can be inserted into a computer. The semiconductor package can include

microprocessors, memories, application specific integrated circuits (ASICs),1
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In FIG. 1, PCB 52 provides a general substrate for
structural support and electrical interconnect of the
semiconductor packages mounted on the PCB. Conductive signal
traces 54 are formed over a surface or within layers of PCB 52
using evaporation, electrolytic plating, electroless plating,
screen printing, or other suitable metal deposition process.
Signal traces 54 provide for electrical communication between
each of the semiconductor packages, mounted components, and
other external system components. Traces 54 also provide power
and ground connections to each of the semiconductor packages.

In some embodiments, a semiconductor device has two
packaging levels. First level packaging is a technique for
mechanically and electrically attaching the semiconductor die to
an intermediate carrier. Second level packaging involves
mechanically and electrically attaching the intermediate carrier
to the PCB. 1In other embodiments, a semiconductor device may
only have the first level packaging where the die is

mechanically and electrically mounted directly to the PCB.
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chip 58, are shown on PCB 52. Additionally, several types of second level

packaging, including ball grid array (BGA) 60, bump chip carrier (BCC) 62,
dual in-line package (DIP) 64, land grid array (LGA) 66, multi-chip module

(MCM) 68, quad flat non-leaded package (QFN) 70, and quad flat package
72, are shown mounted on PCB 52. Depending upon the system
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other circuit elements formed within the active region of semiconductor die
intergosRtacepads 76 ap€ dne ofnérepining one or more semiconductor

packages over a single substrate, manufacturers can incorporate
pre-made components into electronic devices and systems.
Because the semiconductor packages include sophisticated
functionality, electronic devices can be manufactured using
cheaper components and a streamlined manufacturing process. The
resulting devices are less likely to fail and less expensive to
manufacture resulting in a lower cost for consumers.

FIGs. 2a-2c show exemplary semiconductor packages.
FIG. 2a illustrates further detail of DIP 64 mounted on PCB 52.
Semiconductor die 74 includes an active region containing analog
or digital circuits implemented as active devices, passive
devices, conductive layers, and dielectric layers formed within
the die and are electrically interconnected according to the
electrical design of the die. For example, the circuit may
include one or more transistors, diodes, inductors, capacitors,
resistors, and other circuit elements formed within the active

region of semiconductor die 74. Contact pads 76 are one or more
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layers of conductive material, such as aluminum (Al), copper (Cu), tin (Sn),
nickel (Ni), gold (Au), or silver (Ag), and are electrically connected to the
circuit elements formed within semiconductor die 74. During assembly of DIP
64, semiconductor die 74 is mounted to an intermediate carrier 78 using a
gold- silicon eutectic layer or adhesive material such as thermal epoxy. The

layepscidge POHREdBs BRtRSHatve paOkadity ThaRHAP8ucHas polynidtr

(Cu) geranic. (Genduciarcieads 8Qiand ydredbands)§2 provide eleetrical) , and are
interconnect between semiconductor die 74 and PCB 52. Encapsulant 84 is

e lechEddibly o7& the pPatkage fdrdnvirbhitertalSorotsetibh by Preenthg 21

semimeisiurecand padictes.fromenieringepackage manor eoptamisatiigdied4tor

4 gr wire bonds 82. FIG. 2b illustrates further detail of BCC% 2 mounted on

1e PRS2 "EMHicoHdbCtor die 88 EMotntEd ovet catiidr 90 udfng dn nd8ril
s1i1iapepaxyeresin adhespee material192s Wice nbanels 1941 provide first kevekmal

- Oxg]ackir%%gentergogne%t et eenncqrggcéty%dns 91?13{]1?31? ‘Moldig%]ggn}pound
P r'encapsu?an? 005s ep%sﬁeccf over Sefiiconductor die 887and wire bands
mate®@4 &0 provide physichl suppart awne ebectrical isolatibncfor thel deviee .8 Comtact

wireP3d5,3Q2 gre farmed over a.syrface qf RGB 52 using . syitable metal
deposition su& electrolytic pfatlng or electroless p?atlng to prevent oxidation.
semiContdet pads 402 aré elediric@ly éannedted troné anindieé conddetives 1ted

overSigpal é&%%aéé ip PCR ¢+ Bumps, 104, are formed befween contact pads 98
of BCC 62 and contact pads 102 of PCB 52. In FIG. 2¢, semiconductor die

mo i s58 emaudtatPface dowvh o intesmédiatencartier 106 Withce fliprehip style first
cont'8¥¢h packaging Aetivefegipn.108,9f semiconductor die 58 contains analog
or digital circuits implemented as active devices,

FIG. 2b illustrates further detail of BCC 62 mounted
on PCB 52. Semiconductor die 88 is mounted over carrier 90
using an underfill or epoxy-resin adhesive material 92. Wire
bonds 94 provide first level packing interconnect between
contact pads 96 and 98. Molding compound or encapsulant 100 is
deposited over semiconductor die 88 and wire bonds 94 to provide
physical support and electrical isolation for the device.
Contact pads 102 are formed over a surface of PCB 52 using a
suitable metal deposition such electrolytic plating or
electroless plating to prevent oxidation. Contact pads 102 are
electrically connected to one or more conductive signal traces
54 in PCB 52. Bumps 104 are formed between contact pads 98 of
BCC 62 and contact pads 102 of PCB 52.

In FIG. 2c, semiconductor die 58 is mounted face down
to intermediate carrier 106 with a flip chip style first level
packaging. Active region 108 of semiconductor die 58 contains
analog or digital circuits implemented as active devices,

passive devices, conductive layers, and dielectric layers formed
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passive devices, conductive layers, and dielectric layers formed -12
according to the electrical design of the die. For example, the circuit may
include one or more transistors, diodes, inductors, capacitors, resistors, and
other circuit elements within active region 108. Semiconductor die 58 is
electrically and mechanically connected to carrier 106 through bumps 110.

accopiingo iLelebfficaty ahd hiéchaifcaliytonhetfad td1PCB 52 With eBBK, the

circstyle secpnddevelqackagingusing bumpsd2s tSemiconduetes die 88lisctors,
electrically connected to conductive signal traces 54 in PCB 52 through

19 .
CapP3fihBE 910 Sighal ey 1 24 %aRd Bimps T2 W miolGiRG Cbimpdthd gt 2ctive
regiemncapssilant 446iis cdeposited ayvee semicandactor tlie 58 Bng catter 106 to

vide, physical tand electrical isplation for the device. The flip chi
et Eah ALt ABSb o e & 2t ol il CERAcAOH B T o

active deadeesson semidoncltictor adid 8 atodcomnsltictian tracks oandRCB &248 to
i %réjevrq Et[(%{1ed(_juc§GsAgn%g\é Rré)pgggg%% distanqs, Iowir capacitance, ang improye

. S eve aC n us.1n m .
overall circuit performance. In‘anothérem oblimert, the“semiconductor die

Semis®rdn decmedhaniodllyianc électricatly topnected ireetly tto RCB G2aising
s1.gniip ShiR.Syle st leyelpackagingwilhout iniermediale carfign196-FIGs, 11,

a-3 ustrate a process or rorming a ertlcainzfr?tercon'ne%:tl tructure wit
and $tadbuimpsand AP Dddda FO-WI@SPndn FIGeBa @ tamportary sabsteate or

depotATIEn 120 £ontAlS A hasg majenal sugh as silicon, pelymer ogolymer, o g

composite, metal, ceramic, glass, glass epoxy, beryllium oxide, or other
phy sditable Uswaaost, aiyid aatetialifepstractara ‘suppori OAn optionalv interfacel he

£11pla¥gh 121 can beformed ovae cartier 120.a5 ansetehs siop. Ameleetrically
conductive layer 122 is formed over
conduction path from the active devices on semiconductor die 58
to conduction tracks on PCB 52 in order to reduce signal
propagation distance, lower capacitance, and improve overall
circuit performance. In another embodiment, the semiconductor
die 58 can be mechanically and electrically connected directly
to PCB 52 using flip chip style first level packaging without
intermediate carrier 106.

FIGs. 3a-3h illustrate a process of forming a vertical
interconnect structure with stud bumps and IPD for a FO-WLCSP.
In FIG. 3a, a temporary substrate or carrier 120 contains a base
material such as silicon, polymer, polymer composite, metal,
ceramic, glass, glass epoxy, beryllium oxide, or other suitable
low—cost, rigid material for structural support. An optional
interface layer 121 can be formed over carrier 120 as an etch-
stop. An electrically conductive layer 122 is formed over
interface layer 121 and carrier 120 using patterning with PVD,
CVD, sputtering, electrolytic plating, electroless plating

process, or other suitable metal deposition process. Conductive
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interface layer 121 and carrier 120 using patterning with PVD, CVD,
sputtering, electrolytic plating, electroless plating process, or other suitable
metal deposition process. Conductive -13 layer 122 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, W, poly-silicon, or other suitable electrically
conductive material. Conductive layer 122 includes wettable contact pads

Layefor {ater ftmatitn O StitFbdinps. Heoie émbbdimentCthe Wettale céntact -
w, ppads-efigandieiivelayerid? are preiplated nacitedage layepAdichive
plurality of semiconductor die or components 124 is mounted to interface
matepyar121 PAMchiy arrafg&ment with "Contdethatis 1760 frerted ‘twnwiads
for ovarcarderi2d i Semiconduetorsied24 each ineladempaciivesuyfacad 28

containing analog or digital circuits implemented as active devices, passive
et R o MBI Ay ole ah BRIy el ot A S B Ae. ©n

inteelestrically interconmected according to the electrical design and function of

the die. Iior fXngled th%firgtéi%ma rliacluge one.or rggrectr%nsoistor s 124 is
diodes, and othier circdit elements formed within active surface 128 to *
mouningglement basetianceanalgg circuits ondigitdllcirouits p sach asakgital signat h
contQOPESSOI(DSR). AS|S, memoary, o other signal progessing igouit.
emiconductor die 124 may also contain = , such as méuctors, capacitors,
Semiagnddesistors, dore R digaalgrocessing.sinanotivérierabedinfentca distrete

contSARICAQAYEIor sogmcppns%ﬁ%%?e mounted to E%?ﬁ%%%l@é’&&léé- RIS, 8b.
a plurality of stud bumps or posts 130 are formed over the wettable contact
deviggds obPeorithictivelaiera9?. Inbmedmiyedidmeie i wiretsbritheg Atdchire

1 ayeg‘}fz%g%%t&d@@?ﬂ% 130 Stud.bumps J30have-a height ranging from-+ e

according to the electrical design and function of the die. For
example, the circuit may include one or more transistors,
diodes, and other circuit elements formed within active surface
128 to implement baseband analog circuits or digital circuits,
such as digital signal processor (DSP), ASIC, memory, or other
signal processing circuit. Semiconductor die 124 may also
contain IPD, such as inductors, capacitors, and resistors, for
RF signal processing. In another embodiment, a discrete
semiconductor component can be mounted to interface layer 121.

In FIG. 3b, a plurality of stud bumps or posts 130 are
formed over the wettable contact pads of conductive layer 122.
In one embodiment, a wire-bonding machine can form stud bumps
130. Stud bumps 130 have a height ranging from 2-120
micrometers (pm)

FIG. 3b shows stud bumps 130 implemented as stud
bumps, including bump portion 132 and stud portion 134. 1In
another embodiment, stud bumps 130 can be formed with stacked

bumps 136, as shown in FIG. 3c. Stud bumps 130 can also be
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micrometers (pm) FIG. 3b shows stud bumps 130 implemented as stud
bumps, including bump portion 132 and stud portion 134. In another
embodiment, stud bumps 130 can be formed with stacked bumps 136, as
shown in FIG. 3c. Stud bumps 130 can also be -14 formed without
conductive layer 122, as shown in FIG. 3d. In any case, the formation of stud

formggmps 130 4se"R Biole LdW-dastemahtfactdring PrEBsS PFIG: Be shibws &R

any eRcapsulay of smeldingsonpountd 38 depesited oveesemiconduetor digr—cost
124 and stud bumps 130 using a paste printing, compressive molding,
manuf AGdiaF AoTdiRg ARffE *encapsulant molding, vacuum lamination, or other

suitable rapplicator.shreapsutant 138canibe polymenconipasitednaleal 138
suych as epoxy resin Withé%gﬁ epoxy acrylate with filler, oy polymer with |
depo e Hb D Ram G ne e R R R PARR ety s ing 2

pastprotects thengemicanduetor tevicediamnextetnal etementsandling, liquid
contaminants..Encapsulant 138 undergoes. grinding or plasma etching to

enc e L T Sl g BumgR 130" ATSHaRVE: T RSight

app lafcstud bumpst3® can doe lekss ham theothickmegs@f semigorsiiictorntie ¢24a1,

(with die facing downward). After performing encapsulation, hat .
SUCher?cSapes%?aiir% arr%lstﬁg b“é%:%zld@lo rls%}:n’icoeﬁjd%c ore |e9 {%itcuend“é%dﬁ gfrﬁ]%j]fnegrér oF
polyplanarizatiorcumatitexpbsihgstud bEmpsdB0L Byt doing sos stuthbympg U301 ve

and 22VA Mo Leliability, to,withstand encansulant flow, the, materials cost af the

stud bumps can be” reduced, and total package height can be reduced. In
extefpr@ 13fea eosside baidlupdnterconmtt Structtire aiAeris Formdd Sveral firsyoe s

gri n%H%CG?‘}f encapsylant 138, Lhe Puildsup infercoppectsirueture 1404nclidese
studaggxggng§6¥ Alternatively, the height of stud bumps 130 can
be less than the thickness of semiconductor die 124 (with die
facing downward). After performing encapsulation, both
encapsulant and the backside of semiconductor die 124 undergo
grinding or planarization until exposing stud bumps 130. By
doing so, stud bumps 130 have more reliability to withstand
encapsulant flow, the materials cost of the stud bumps can be
reduced, and total package height can be reduced.

In FIG. 3f, a topside build-up interconnect structure
140 is formed over a first surface of encapsulant 138. The
build-up interconnect structure 140 includes an insulating or
passivation layer 142 formed by PVD, CVD, printing, spin
coating, spray coating, sintering, or thermal oxidation. The
passivation layer 142 can be one or more layers of silicon
dioxide (Si02), silicon nitride (Si3N4), silicon oxynitride
(SiON), tantalum pentoxide (Ta205), aluminum oxide (Al1203), or
other material having similar insulating and structural

properties. A portion of passivation layer 142 is removed by an
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passivation layer 142 formed by PVD, CVD, printing, spin coating, spray
coating, sintering, or thermal oxidation. The passivation layer 142 can be
one or more layers of silicon dioxide (Si02), silicon nitride (Si3N4), silicon
oxynitride (SiON), tantalum pentoxide (Ta205), aluminum oxide (A1203), or
other material having similar insulating and structural properties. A portion of

et chdagsivdtionaayer- P4 eRfoved By SIES efchihy process to expose stud
bumps 180. Anelectricallyi gondictivie tayes 144-is formed averr msyiatingver

, layer 142 and stud bumps 130 usin patternin%with, PVD, CVD, sp,utteringJC

lnsuél%EfrB@}ti&%Ya%g,lé%c%%s%%ﬂ%ir%@dw&cés%, ol'BtHeY stitibiehetaf "ith

PVD, depusiticipprocess ngonductiverlayer 144 santenone enmore tayess obAkt ing
Cu, On, Ni, Ay, Ag, or. otl-&sjrlsuitable electrically conductive material, On

PTOCSSion 6f Contitictive tayar 1247 sfectricaiy & RhS&e%]iS%?&dgbum%%n%&ti"e
laye®therpartionsef condustivetayer 144«wan ke eletirically comnmon,orau, Ag,

ectrically jsolated dependin the design and function of the .
o o eRBGEY Hovet- A RATAIND oF DRRLHAER IS4 o for'RBd UGF 17
of cpassivationdayeryb42 add condedtvetayeralddyusingriRdD eCGVDy printihghumps
spip,coating, spray coating, sintering,.or thermal oxidation. The passivatian
130 o o I e 5103V B GION Top0s g0 LLY
commgmnother miatertial havingy simitdransylativgpand stractkuraltpreperiesgA portion

fFunctli PASTIYaton layer, 146 i rerpayedify, ap etching process to expose

conductive layer 144. In FIG. 3g, carrier 120 and interface layer 121 are
removedby ehemical efchiny, vechHahicdl peel-6#YEMPL, 4fethadieamed over

pass3inding,therpal bake; laser scanping: 9L, Wet uyer 144 using PVD, CVD,
printing, spin coating, spray coating, sintering, or thermal
oxidation. The passivation layer 146 can be one or more layers
of Si02, Si3N4, SiON, Taz205, Al1203, or other material having
similar insulating and structural properties. A portion of
passivation layer 146 is removed by an etching process to expose
conductive layer 144.

In FIG. 3g, carrier 120 and interface layer 121 are
removed by chemical etching, mechanical peel-off, CMP,
mechanical grinding, thermal bake, laser scanning, or wet
stripping. Conductive layer 122 and contact pads 126 of
semiconductor die 124 are exposed following removal of carrier
120 and interface layer 121.

In FIG. 3h, a bottom-side build-up interconnect
structure 150 is formed over a second surface of encapsulant
138, opposite topside build-up interconnect structure 140, and a
front surface of semiconductor die 124. The build-up
interconnect structure 150 includes an electrically conductive

layer 152 formed using patterning with PVD, CVD, sputtering,
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stripping. Conductive layer 122 and contact pads 126 of semiconductor die

124 are exposed following removal of carrier 120 and interface layer 121. In
FIG. 3h, a bottom-side build-up interconnect structure 150 is formed over a
second surface of encapsulant 138, opposite topside build-up interconnect

structure 140, and a front surface of semiconductor die 124. The build-up

e lecihisitshnéctistiictute 150liReihaes anelectAcalPcoidictive lagér P52 ST

sui ttopmeduusing pateyaing-with RMDR,C WP, sputtering 16 electrpbicipatingan be
electroless plating process, or other_suitable metal deposition process. .

one éBn@ﬁ&ﬁxeﬁ%%&Ffsféa%e Gite or for8 tay et of A¥ C@ R NE AW Ag-dPLe

elecathete suitgble oeleatrically: conductive matetiak Qre-padion<f copducitte: ve

layer 152 is electrically connected to stud bumps 130 and contact pads 126
Laye Gt IGF B o Otnep BORIONE D! oritcth YAYRR 103 et

contelectricatly camdnart oselectricatly dsolateth degending onttke dpsighiants of

function oithe seﬁrg(éonduct%ede\gce. n.ins&lftin% or assivatiorlleaé/gr 154

condigomied over conddctive layer 152 and active Lurtace 128 of semiconductor *

isoldiecd24esigdRVD, QVDO,printing i spin codtingspray coating,rsintering, or
.thermal gxidat'on. The passivation layer 154 can be one or more layers of

semlgﬁig%ﬁ O cvice

Nﬁ, iON, Ta20S, A1203, or other material having similar insulating
and struétaralnpropettiesy Aoportien of insulatinglayer154 s remncvedindapver

cond%tgpH\erri’&?%?r:toi%éo%sﬁdcoa[‘éi%’ﬂ%e layer 122. Ap elegtrically;conductiye . qie

ump material is deposited over conductive layer 152 using an evaporation,
124 gletrelyhit DolafiYd electioléss plating ibalFdmpl 08 screengarintingt ing,

sintering, or thermal oxidation. The passivation layer 154 can
be one or more layers of Si0O2, Si3N4, SiON, Ta205, Al203, or
other material having similar insulating and structural
properties. A portion of insulating layer 154 is removed by an
etching process to expose conductive layer 152.

An electrically conductive bump material is deposited
over conductive layer 152 using an evaporation, electrolytic
plating, electroless plating, ball drop, or screen printing
process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi,
Cu, solder, and combinations thereof, with an optional flux
solution. For example, the bump material can be eutectic Sn/Pb,
high—-lead solder, or lead-free solder. The bump material is
bonded to conductive layer 152 using a suitable attachment or
bonding process. In one embodiment, the bump material is
reflowed by heating the material above its melting point to form
spherical balls or bumps 156. In some applications, bumps 156
are reflowed a second time to improve electrical contact to
conductive layer 152. The bumps can also be compression bonded

to conductive layer 152. Bumps 156 represent one type of
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process. The bump material can be Al, On, Ni, Au, Ag, Pb, Bi, Cu, solder,
and combinations thereof, with an optional flux solution. For example, the
bump material can be eutectic Sn/Pb, high-lead solder, or lead-free solder.
The bump material is bonded to conductive layer 152 using a suitable
attachment or bonding process. In one embodiment, the bump material is

interdfoieaty Rédiitiy-thematetial £80ve fts Mt poikETo form Sphérical Layer

152 .baltser huraps d56nks0me applicationsa humpsd 56s areeflowed-a second
time to improve electrical contact to . conductive layer 152. The bumps can

condyish hecditpression bthded™t crdifctive fer 152, Bunids £56 fepresént

inte@R®typeaf -17 interconnect structure that can be formed over conductive
layer 152. The interconnect struct%re can alsp use bond wires condu%’ve

paste, stud bunTp. Hicks buftip; of dthet Slectfisi lihtereoniiadt” S2v Plade or
laseSemicandugtorslie 124 @re singulated withusaw blatiecem taset cuttitigitook s

158 into individual semic dguct r devices 160, such as shown in FIG. 4. .
160, AR e b A e Demore i sl e 2R R Podisgi dua
semig®showhar KB vS cStud bumpsnl 3¢providekeerticals zaliregtionn FIG. 5.

interconn between topside buil%-lup interconnect layer 140 and
stud e bty et ayer 150, Eoraenve e Tais ot
be t welegtricaihy cdrnécted threpgh sted bamps A30Lewsonduétiver laydrdt5oand 1 de

bui1ERNIACLRAYS 126, gleach semicopgyctor deyice 160, £1G,, 6 llustrates; an

embodiment of the vertical interconnect structure with the Semiconductor die
elechaving bhy upwartfacaty adtivelsifateuSirailants the précessdeberibedsin

1ayeFIGS Bas3ly semiconducigrdevieg 170 L@&Eh’" eOPALBNG SUPSHARLS i ce 160.

carrier with an optional interface layer, whic
FIG. 6 illustrates an embodiment of the vertical

interconnect structure with the semiconductor die having an
upward facing active surface. Similar to the process described
in FIGs. 3a-3h, semiconductor device 170 uses a temporary
substrate or carrier with an optional interface layer, which
operates as an etch-stop layer. An electrically conductive
layer 172 is formed over the carrier using patterning with PVD,
CVD, sputtering, electrolytic plating, electroless plating
process, or other suitable metal deposition process. Conductive
layer 172 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,
W, poly-silicon, or other suitable electrically conductive
material. Conductive layer 172 includes wettable contact pads
for later formation of the stud bumps.

A plurality of semiconductor die or components 174 is
mounted to the carrier in a flipchip arrangement with contact
pads 176 oriented upward. Semiconductor die 174 includes active
surface 178 containing analog or digital circuits implemented as

active devices, passive devices, conductive layers, and
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operates as an etch-stop layer. An electrically conductive layer 172 is formed
over the carrier using patterning with PVD, CVD, sputtering, electrolytic
plating, electroless plating process, or other suitable metal deposition
process. Conductive layer 172 can be one or more layers of Al, Cu, Sn, Ni,
Au, Ag, W, poly-silicon, or other suitable electrically conductive material.

dieleshddctiveIdfér 72meRites Wwetiablé Ronthct pads' for ftérfofmation of

int ethesstud buspss AdRluealityy ot sericonducter die-arncempanents Ad4isnction
mounted to the carrier in a flipchip arrangement with contact pads 176

°f thfterted upward. SEMfEONTuctor dié 174 dtudey active' fiftatd§78* more

t ranedniaining adaleg o digitad cisetitsimplementedcas nastive devicesdpassive n
,devices,ﬁcondui@\%e Iager,s, agd -18 di%lectric layers formed within the die and

aCtigactidaly Shterdonnected Becotaing to1Re Riektrical Hedign and HinttioR “of

digitheldieikFaruexamplentite circuitynay Axtude oreor morertransistors idiedes,
and other circuit e]Eemer%ts forme%wit]gin agtive wrlace 178 10 implemcent IPD

procﬁasssejb%%dcalnra%gl Gircuits or - (le?grllta%iréjurlts, Such as If?lg, A ) rﬁéjrrﬁo%/l,rbr ’

suchother sigiat tprocsssirgeirduit Semieodustoridie di7gl, may alscentgimal PD,
such.as indugtorghc%acitors an irggig%ors,afo(g1 RF sigggl grocessin(%.1

I
rocessing. . [®) S empo 1scCr cmicon q‘,O
P anotﬁelgembolalment, a dﬁscrete semiconductor component Is mountedpto tjﬁe

compeartier of- interfaxE-tager. A plurality of sted bumps 180 fs: formedvover the
wettable,cqntagt pads.of Gondyctiye Jayel-142 dn addition, aplyrality of stud

bumps 182'is formed Over contact pads 176 of semiconductor die 174. Stud
wetthirhps A80LE8X aieefdsmed bycstdd Ayunpingaprecess/dsing Bhwirddbhding 2

plurPachine, stud Bumps180- 182 can be, Cile Al WeRU SOlHEL OrOIRET 176 of
suitable electrically
semiconductor die 174. Stud bumps 180-182 are formed by stud

bumping process using a wire-bonding machine. Stud bumps 180-
182 can be Cu, Al, W, Au, solder, or other suitable electrically
conductive material. In one embodiment, stud bumps 180-182 are
implemented as stud bumps. Alternatively, stud bumps 180-182
can be formed with stacked bumps, similar to FIG. 3c. Bond
wires 186 are electrically connected between contact pads 176
and conductive layer 172.

An encapsulant or molding compound 188 is deposited
over semiconductor die 174 and stud bumps 180-182 using a paste
printing, compressive molding, transfer molding, liquid
encapsulant molding, vacuum lamination, or other suitable
applicator. Encapsulant 188 can be polymer composite material,
such as epoxy resin with filler, epoxy acrylate with filler, or
polymer with proper filler. Encapsulant 188 is non-conductive
and environmentally protects the semiconductor device from
external elements and contaminants. Encapsulant 188 undergoes

grinding or plasma etching to planarize the surface and expose
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conductive material. In one embodiment, stud bumps 180-182 are
implemented as stud bumps. Alternatively, stud bumps 180-182 can be
formed with stacked bumps, similar to FIG. 3c. Bond wires 186 are
electrically connected between contact pads 176 and conductive layer 172.
An encapsulant or molding compound 188 is deposited over semiconductor
s tudgipufrRSand Stutifimps 180-182 using a paste printing, compressive
molding Aransferi@melding, liguit ensapswanhmelding, Maetumlangnation, or
other suitable applicator. Encapsulant 188 can be polymer composite,
Formg b AT sict a5 BpoRy ré&if withrileh CEpSS adHlate (ith fillBF drUpdigmer
intewibprepear filerdoicapsutegt 1884s naa<oaducti badienyironmendallyyation
1 grcr)i[ cts the semiconductor dev%:e from %xternal elements and
Y S Eontaminaity SEnéapsulant 188 Undetgdes Yfindity 8t Sigdhma slehing 6 Y
coatplagarize theesurfage and expasendldostid bumps. 180-182rA topside

builda-l{% int rconne;tgart)ructure 190 is f%rmed ove,%r first surface of

252 Sapktiant 158: The puc-up InSrebnRct Strictird 16 ictides ar© 022

studinsulating O passivatioRnaydreld2-formetbycPY By VD prirtingrspifd is

£ ormEQAUNG. SPIAY, £OgUNG, Sinterng. orthermal pxidation, A portiog of ; 4 5
passivation layer 197 is removed by an etc%lng process to expose stud

Porthumps d80<L8 At eleetrically conductivedayerelgdriscforiedaoverected to

studP@siyAliondayer192 and stud hyps 180182, Partiops gi copductivedayer ;o

194 are electrically connected to stud bumps 180-182, respectively. Other
layeportidAs ot cohductiveclayerada candierelecticaly esmmcirar glecicay ed

depeifqlated depending.on the desior anddynction:ofithe semicendugtor gevice.
An insulating or passivation layer 196 is formed over

device. An insulating or passivation layer 196 is formed over

passivation layer 192 and conductive layer 194. A portion of

insulating layer 196 is removed by an etching process to expose

conductive layer 194.

The carrier and interface layer are removed by
chemical etching, mechanical peel-off, CMP, mechanical grinding,
thermal bake, laser scanning, or wet stripping. A bottom-side
build-up interconnect structure 200 is formed over a second
surface of encapsulant 188, opposite topside build-up
interconnect structure 190, and a back surface of semiconductor
die 174. An electrically conductive layer 202 is formed over
conductive layer 172 and the back surface of semiconductor die
174. One portion of conductive layer 202 is electrically
connected to stud bumps 180. Other portions of conductive layer
202 can be electrically common or electrically isolated
depending on the design and function of the semiconductor
device. An insulating or passivation layer 204 is formed over

conductive layer 202 and the back surface of semiconductor die
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passivation layer 192 and conductive layer 194. A portion of insulating layer
196 is removed by an etching process to expose conductive layer 194. The
carrier and interface layer are removed by chemical etching, mechanical
peel-off, CMP, mechanical grinding, thermal bake, laser scanning, or wet
str ping. A bottom-side build-up interconnect structure 200 is formed over a

L7 P 5hface of endapstidnt 188! BpFosite opsitle bihfdGs' iRterédhridcthing

proc%téléCtldEﬁ 190, andl & baek surface ofsemiconductor die 174. An electrically
conductive layer 202 is formed over conductive layer 172 and the back

surface OfSEMICORAUGBrdie 178 BRE PoricHBPcatduthive faye? 2628851 ted
overelestiically icon neage@irtomm bemps 130. Qthee partions of cosductvelayer

1 t202 can be elect |ca mmon or E{%igic%lg isolated depending gn {L:he
bP-atdéslgn a %%ﬁﬁ&o%s ftﬂ Tenidon vice. Rh ifsulating &F 119
procpassivatibndapern204nistformed oven denductivestayerN202 and the paek, Bi,

surface of semiconductor die -20 74 Ap tion oflnsulatl layer 204 i
Cu rerr%\p/eed' byarlT(r%l e%&lLrjrl)g pr%cess tgt expose%(r:’ondhc ve Paye ﬂ)é.nﬁ?% Af?ux

soluelectrically conductive lsump nzaterialds depesiied. oven cbﬁdlmtitveday&r 202/ Pb,
using an_evaporation, electrolytic_plating ,electro atln rop, 0
high % %g' fﬁ% i 8 % 8 9 Eﬁ §n N eald%b %

screen prlntlng process e|ahe bump matena can
bondeg, g@ldepramcrfom@mémth%@éofumh@amommwﬂm aﬁm:tmhfﬁ@mt or

bond% ple, ie.aumpmaterial can.ba suiegtic SnEby, figh-lead.salder, pr

lead-free solder. The bump material is bonded to conductive layer 202 using
reflgwailable dtehinent bh<horlimy protesbaviconeteémbodimarn, thelmimpo form

sphePaterial iz, reflowed Py fieating ghe materia),aboyg,its;melting pointla.form > o6
are reflowed a second time to improve electrical contact to
conductive layer 202. The bumps can also be compression bonded
to conductive layer 202. Bumps 206 represent one type of
interconnect structure that can be formed over conductive layer
202. The interconnect structure can also use bond wires,
conductive paste, stud bump, micro bump, or other electrical
interconnect

Semiconductor device 170 is stackable. Stud bumps
180-182 provide vertical, z-direction interconnect between
topside build-up interconnect layer 190 and bottom-side build-up
interconnect layer 200. Conductive layer 194 is electrically
connected through stud bumps 180-182 to conductive layer 202,
contact pads 176, and bond wires 186 of semiconductor device
170.

FIG. 7 illustrates an embodiment of the vertical
interconnect structure with one or more IPDs formed in the
bottom-side interconnect structure before encapsulation. In

this case, a bottom-side build-up interconnect structure 240 is
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spherical balls or bumps 206. In some applications, bumps 206 are reflowed
a second time to improve electrical contact to conductive layer 202. The
bumps can also be compression bonded to conductive layer 202. Bumps
206 represent one type of interconnect structure that can be formed over
conductive layer 202. The interconnect structure can also use bond wires,

Formgshdftictive paste: Stud-Bamp, MicroImp, Sioother SiBBHHear titercohnett 242
is poemicansictordevigeokiQ isstackahle rStug humps 480182 prayjde
vertical, z-direction interconnect between topside build-up interconnect layer
elecig@hih BotBniSidebuildhs intdicotneRt Aydr 2087 E6fidictiveTayer 4 is
suitelectically connepteshithiough stud bumpsd8e-18240 conductbreslayer 202,
contact p 76, and bﬁind v,virgs 186 of semiconductor device 170. FIG.

ds
SeCtihiiliFates ah GMbBdiment of 1 VErtcAR nt8EohhelestRict o2 i‘ﬁﬁBﬁX%r{ayer
242 wmeane IRDe fermedi indheé ybottemeside intercennedtcsinuciure hefareed

encapsulation. In this case, a bottom-side build-up inéerc nnect structure
GePe S L 1 Toriad 6VaF Hie carHar. AN cleaircally sonductve 1aJar-245 15 tor
die.patterned andvdeposited usiiy PWD, B/ Dyrsputteringr electnpdytic pldtidg,, Cu,
Sn, ﬁles:tlr Ie,ssgla’tlng | Process, of ottg:erb uitabl m:etal d qosmon'g)fo m
" m%ilw(%}lal pO(IgtIOI’]S oro segtlonssu2142aa- EZhe. Ce ﬁ]%lﬁ/?guaﬁ p%(rjt]ilonuscoflve
mategarductive layer 242 can be electrically common or electrically isolated

depending p the conneqtivity of E*lﬁi”ﬂ@‘%‘?&é&?ﬂ%”%%%gﬂa‘?osited over
Conductive layer 242 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or
condgtpier $aitdlsle electricdllyccohdoetive snatepafiuct ive layer 242e and 242f

using PVD or CVD. Resistive layer 244 is tantalum silicide
(TaxSiy) or other metal silicides, TaN, nickel chromium (NiCr),
TiN, or doped poly-silicon having a resistivity between 5 and
100 ohm/sg. An insulating layer 246 is formed over resistive
layer 244 using PVD, CVD, printing, sintering, or thermal
oxidation. The insulating layer 246 can be one or more layers
of Si3N4, Si02, SiON, Taz205, 7Zn0O, Zr02, Al203, polyimide,
benzocyclobutene (BCB), polybenzoxazoles (PBO), or other
suitable dielectric material. Resistive layer 244 and
insulating layer 246 can be formed with the same mask and etched
at the same time. Alternatively, resistive layer 244 and
insulating layer 246 can be patterned and etched with a
different mask.

An insulating or passivation layer 248 is formed over
resistive layer 244, insulating layer 246, and conductive layer
242 using spin coating, PVD, CVD, printing, sintering, or
thermal oxidation. The passivation layer 248 can be one or more
layers of Si0O2, Si3N4, SiON, Ta205, Al203, or other material

having suitable insulating properties. A portion of passivation
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A resistive layer 244 is patterned and deposited over conductive layer 242b

and between conductive layer 242e and 242f using PVD or CVD. Resistive

layer 244 is tantalum silicide (TaxSiy) or other metal silicides, TaN, nickel

chromium (NiCr), TiN, or doped poly-silicon having a resistivity between 5

and 100 ohm/sqg. An insulating layer 246 is formed over resistive layer 244
lavegsing PViS, ETDOPRAtING, StBARG, SrREHAAT BRidhB8RITHE fsufingstive

layelayen246 gan berene armese layges- of &3N4, Si02, SION, Ta205, ZnO,
Zr02, A1203, Eolyimide, benzocyclobutene (BCB), po%benzoxazoles (PBO),

! )
or other “Sitabe-ditectric hatétiil iREidtve BYEF 242 and Sindaiatifig Tayer "9

depo246 ean bedormed aithtthe sams,mask and eteked waitthe samertime4,

__Alternatively, resistiye layer 244 and insulating layer 2 be patterned
138 SEho WA - Aierdhl el AHRGUAIG O phesANCH Ly ar 2A8 16 >

sputfosmedgyves lresistive Jayier 244a insutating layer246; andcondictivelayee s s,
42 using.spin coating, PVD, CVD, printing, sintering, or thermal, oxidation.
or O L PP 514 AR b Ol midh 8 a2 et SH5 GioNA: GINE
por tTa265,A1203; or otfrervhateniak daving suitablerinsalating propeniesrA
ortion of pas iv§ti n -22.layer 248 is rem Y}ed t0_expos .conducti\fe er
1
© ec%ﬁ‘,gr%sﬁls ive 8y3r Zeﬁzl,%e delﬂéug néj Tay%r348.of&nee ecltﬁéatIK/ (?ondl%cﬁve
indifayen252 f=patterndd @hdr dépesitedCoverconhductivietayer 242, resistive one

or m@YEr 244 insulating,layer 246, andpassjyation layer, 248 ysing BV, GVD,
sputtering, electrolytic plating, electroless plating process, or other suitable
elecieisl depositionPprotesstofermindividual portions or sections which can be

ebCUmaK%ng@%ygg&ng or passivation layer 254 is formed over
conductive layer 252 and insulating layer 248 using spin
coating, PVD, CVD, printing, sintering, or thermal oxidation.
The passivation layer 254 can be one or more layers of SiO2,
Si3N4, SiON, Taz205, Al1l203, or other material having suitable
insulating properties. A portion of passivation layer 254 is
removed to expose conductive layer 252.

The structures described in build-up interconnect
structure 240 constitute one or more passive circuit elements or
IPDs. 1In one embodiment, conductive layer 242b, resistive layer
244, insulating layer 246, and conductive layer 252 is a metal-
insulator-metal (MIM) capacitor. Resistive layer 244 between
conductive layer 242e-242f is a resistor element in the passive
circuit. The individual sections of conductive layer 252 can be
wound or coiled in plan-view to produce or exhibit the desired
properties of an inductor. The IPD structure provides
electrical characteristics needed for high frequency
applications, such as resonators, high-pass filters, low-pass

filters, band-pass filters, symmetric Hi-Q resonant
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electrically isolated depending on the connectivity of the individual
semiconductor die. Conductive layer 252 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material. An
insulating or passivation layer 254 is formed over conductive layer 252 and
insulating layer 248 using spin coating, PVD, CVD, printing, sintering, or

Lr anEriAFoXidatio . CThe PasSivERSH fryef 284 Cah B¥oré BF mdreTayers bf €

I1PDsSIOZn $8Nds SIONsTa205,:AL208, »f otherdpateriabhayng syitablewhich can
insulating properties. A portion of passivation layer 254 is removed to

be PeRdseLtrtuRave fiyer D83, Thé SHIENFES dEScHbeinBifid-up e tnductor

can iptereonnedt structure 240 cefstitutergne-er meia passive gircuityelemernts 000
ai gDs. In one embodiment, conductive Iayer§42b, resgtili(e Ia%/er 244 J
L9 hifing ldyer P46 aRHCbhAaCiVE Ryl 52 14 Tetar: WRSUISHR metare
over(MIM)eapacitok Resistivedayen24betwieen- banductivedayarc2d2e-242f is
a{%sistor element inéh%ggg%i\sle circuit. The individugla%{e tigga

examg WO  OL %%ﬁ are used in ? g — OEor mobile
onducftive layer can be wound or coiledin plan-view to produce or

phonexhibit the-desiredll progerties ofan flnductoh The IPGEstiucturerprovidesions,

cacneBEYEal dharacteyistics needed for high eaency ApPIEAlioNS: SUCRBS ¢,
resonators, high-pass filters, low-pass |te¥s, and-pass filters, symmetric
quadHk@@sdrantc23 transfonpiars L mAiching hetworksvanteining tapacitois Ds

and LRGJFOFCAD 9‘%é‘&lﬁgr@é{roﬁieé‘gi“ﬁiée'?ﬁsﬁfec%p_%%‘%%tss‘é’ﬂ@@o%_@%or

positioned between the antenna and transceiver. The inductor can be a hi-Q
packpglan, transformeror Ebi, aerating ap t6 100t GlgahertzunTsames -

applicatigng, multiple. Balyps arg formes, overa samesubsiate, Allowing 1 4 5 5

multi-band operation. For
mounted to the build-up interconnect structure 240 in a flipchip
arrangement with contact pads 216 oriented downward over the
carrier. Semiconductor die 214 includes an active surface 218
containing analog or digital circuits implemented as active
devices, passive devices, conductive layers, and dielectric
layers formed within the die and electrically interconnected
according to the electrical design and function of the die. For
example, the circuit may include one or more transistors,
diodes, and other circuit elements formed within active surface
218 to implement baseband analog circuits or digital circuits,
such as DSP, ASIC, memory, or other signal processing circuit.
Semiconductor die 214 may also contain IPD, such as inductors,
capacitors, and resistors, for RF signal processing. In another
embodiment, a discrete semiconductor component is mounted to the
build-up interconnect structure 240.

A plurality of stud bumps 220 are formed over

conductive layer 252. Stud bumps 220 are electrically connected

to conductive layer 252 and contact pads 216 of semiconductor
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example, two or more baluns are used in a quad-band for mobile phones or
other global system for mobile (GSM) communications, each balun
dedicated for a frequency band of operation of the quad-band device. A
typical RF system requires multiple IPDs and other high frequency circuits in
one or more semiconductor packages to perform the necessary electrical
fihétions. A plurality of semiconductor die or components 214 is mounted to
the buildaup iergepnectsirusiure249iing tipebipuatrangemest with contact
pads 216 oriented downward over the carrier. Semiconductor die 214
OVeringfiities A ddive sutfate 218 2BhtaitinG anai¥tordigitdtircdits Paste
prinimplemestethbas astive: devicesnpassive deyiees neonguctive layers, and
dielectric layers formed within th? die and electrically interconnecte
encagstbraig t@%ﬁéﬂé%‘triéfa?ﬁég@n YIRS of e die"For Exaniple, the
app lditcuitomay include sne on mare dransistoks, phages; mandaathesditeuitnaterial,
elements formed within active surface 218 to implement baseband lo
e oy ot LHEU. Buch A DEP, ARSI rbrhry- b olner bighal o1+ ©F
polypracessing gircoibe Semiddrductortdie Zd4umay alst’containiPD; sushast ive
ana DEYE0G Capagitors. rd esistors, for BF, siopal.racsssing, Inandipe,
embodiment, a iscfete semiconductor component is mounted 1o the
extepuid-up Intercohmeshstructones240 A plurality of stuelBumps 2260 arederniste s
or infielcandysiive yer 252 Hud pumps 20 are eleelrically connegied Joo e
conductivelayer 252 and contact pads 216 of semiconductor -24 die 214."An
st udefeapztilatd ©r molding compound 228 is deposited over semiconductor die
214 and styd,bumps 220;using,a paste RLNAG comprassive moking, ; 5

transfer molding, liquid
formed over encapsulant 228. The build-up interconnect

die

structure 230 includes an insulating or passivation layer 232
formed by PVD, CVD, printing, spin coating, spray coating,
sintering, or thermal oxidation. A portion of passivation layer
232 1s removed by an etching process to expose stud bumps 220.
An electrically conductive layer 234 is formed over passivation
layer 232 and stud bumps 220. A portion of conductive layer 234
is electrically connected to stud bumps 220. Other portions of
conductive layer 234 can be electrically common or electrically
isolated depending on the design and function of the
semiconductor device. An insulating or passivation layer 236 is
formed over passivation layer 232 and conductive layer 234. A
portion of insulating layer 236 is removed by an etching process
to expose conductive layer 234.

The carrier is removed by chemical etching, mechanical
peel-off, CMP, mechanical grinding, thermal bake, laser
scanning, or wet stripping.

An insulating or passivation layer 258 is formed over

-25-



encapsulant molding, vacuum lamination, or other suitable applicator.
Encapsulant 228 can be polymer composite material, such as epoxy resin
with filler, epoxy acrylate with filler, or polymer with proper filler. Encapsulant
228 is non-conductive and environmentally protects the semiconductor
device from external elements and contaminants. Encapsulant 228

condyfideryBes Aififding 8F pRRthat ehirgtoataiZe thé Surfaee Hhdexgbse

coatsthg bumps 220/ tepside buid-up intessonnest strueHea 230 isofarmed on .
over encapsulant 228. The build-up_interconnect structure 230 includes an

The R%ﬁ%ﬁﬁ@%%%%s%i%ﬁ&n fayfer 932 Rrmedoy BVBOES/ D, Piitifig Spin O4 -

S i 3Negatmyespray=cussinga shatering,rordbeenakexidation Apertiog cfuitable

, assjvation layer 232 is removed by an etching process.to expose st % ,

1nsug é %lv 4'5 % tior- S

Ghp8 220" KT Elettifcally coRGuctivelayér 34§ 1rméa dver passi
remolaydr 232 ardstied bumps220vA partien of ¢onductive layer 234 is

slectrically connedied to stud bumps 220, Sther portions,of; condueive Iayer,
234 can'be eﬁegtrlcalfy ommon or éiectrlcally isotated epending on the
conddesigrantdyrctiohiaf the isemisondactor devieet AnEvsylatinger sputtering,

assivation layer. 236 is formed over passivation layer 232 and conductive

1 > Y v ! e

© eCI%a%r %&.CAppc%ér? %f inesu?a(ﬁ%]éﬂaﬁg%ﬁj fg;%rlen oved CyegnS etc%lfngo%roe(:éss
suitwexposetcohddetives fayep 230 r Phe sarrier i©refmoved by chemical efchirgy be

one Wechanical peel-aff, GMP, mechanical ggnding, thermal pake, 1886y o5+ p1e
scanning, or wet stripping. An insulating or passivation layer 258 is formed
e lecgyerc bl porrdurtive tayers RaRsantkihsulating layer 248 using spin coating,

PVD,C“@%'@YEE@r§@§¥E@’95H&HHE§6%“%@HB-material is deposited
over conductive layer 260 using an evaporation, electrolytic
plating, electroless plating, ball drop, or screen printing
process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi,
Cu, solder, and combinations thereof, with an optional flux
solution. For example, the bump material can be eutectic Sn/Pb,
high-lead solder, or lead-free solder. The bump material is
bonded to conductive layer 260 using a suitable attachment or
bonding process. In one embodiment, the bump material is
reflowed by heating the material above its melting point to form
spherical balls or bumps 262. In some applications, bumps 262
are reflowed a second time to improve electrical contact to
conductive layer 260. The bumps can also be compression bonded
to conductive layer 260. Bumps 262 represent one type of
interconnect structure that can be formed over conductive layer
260. The interconnect structure can also use bond wires,
conductive paste, stud bump, micro bump, or other electrical
interconnect

Semiconductor device 210 is stackable. Stud bumps 220
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The passivation layer 258 can be one or more layers of Si02, Si3N4, SiON,
Ta205, A1203, or other material having suitable insulating properties. A
portion of passivation layer 258 is removed to expose conductive layer 242.
An electrically conductive layer 260 is formed over conductive layer 242
using patterning with PVD, CVD, sputtering, electrolytic plating, electroless

PTOovhRGing Proces3  or Bttt "Sifitabfd metd Heposition procédy Tonduktivé! fayer

build6@ean Pecone onamarelayers of b, GudaSmINiz Al Agaer pther suitgble
electricall)é conductive material. An electrically conductive bump material is

Integ&sdiedt ovarEdndtictive 1ay2P 286 Ustify af EvAparation Sefetfoiytid cat 1y
connplating, eleettelgss ptatingbbalbdram or sereesrprirtingy pracess - The bumpd
materialéan n, Ni, Au, Ag, Pb, Bi, Ider, and combinations

. e Al, ? Cu, ﬁsn
contale S With anoptionaF fidx CoiitiorS For eka ]gf‘e', the bump material can
be eutectitc&n/Bb,i highsteadtsoidem oeldaddftee salder. Thesbwmptmaterial

intefSBoRded 1o condyctive layer 200 using a suitable gltachment or bonding
process. 1n oneé em odimerit, heqbump material is reroweIaeby héating the
t opsiaterial aboveitsenelting point to form Sphetieal badsOrdumps-262. In

descIABE APplications, bym 2,6.325%'{1815%27(6) uec:l_ a seqand limetodmprove
electrical contact to conductive layer . The bumps can also be
tempeommptessidrsiiorrdet] ¢o conductive layar2601 Bumipo262 répresefitorse layer,

whi YPS0f inferconnect structure that can be formed over condyctive;layer 260.

The’interconnect structure can also usebond wires, conductive paste, stud
condpgrapVmicradstimg, 6t cthefeleagidaP iterdommecpSeARcoNdBciy devideerning

wich%QdﬁS%K%ﬁmgpég%g@ﬂna§Zggeé%kolytic plating, electroless

plating process, or other suitable metal deposition process.
Conductive layer 272 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, W, poly-silicon, or other suitable electrically
conductive material. Conductive layer 272 includes wettable
contact pads for later formation of stud bumps.

A plurality of semiconductor die or components 274 1is
mounted to the carrier in a flipchip arrangement with contact
pads 276 oriented downward. Semiconductor die 274 includes an
active surface 278 containing analog or digital circuits
implemented as active devices, passive devices, conductive
layers, and dielectric layers formed within the die and
electrically interconnected according to the electrical design
and function of the die. For example, the circuit may include
one or more transistors, diodes, and other circuit elements
formed within active surface 278 to implement baseband analog
circuits or digital circuits, such as DSP, ASIC, memory, oOr
other signal processing circuit. Semiconductor die 274 may also

contain IPD, such as inductors, capacitors, and resistors, for
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provide vertical, z-direction interconnect between topside build-up

interconnect layer 230 and bottom-side build-up interconnect layer 240.

Conductive layer 234 is electrically connected through stud bumps 220 to

conductive layer 252 and contact pads 216 of semiconductor die 214. FIG. 8

illustrates an embodiment of the vertical interconnect structure with one or
RE Shfgné Ip BTGt ifthe tolSide mtétedn i8R MrtiBiRE s Sinifat 1615 Brocess
semideswibeddn RiGsp3arsht semicanauetol devicend/Q-usasia rtepporafyer face

substrate or carrier with an optional interface layer, which operates as an
Layegich-stop layer. An electrically conductive layer 272 is formed over the

carrier uginglpatterning with M, CVlp sputsaring; €lettiohdic platng,the
electroless plating process, or other suitable metal 2 osition process.
"ot RS RGUGIR TR er 272 Eart be HE SR o layHEof Al Cu, S K AT AGL A7 T
or mpalyssiiconpmpotheds spitablé electricallyt eanduetivesaatetiah Candiictideée 274
Isz)at\‘/er 2%2 incéucg%sowetstat%le %10ntggtgr(gadsrforr1 ater forrgggon @E’f gtudeb%rg 8'?‘1
plulrléﬂity of §émiconductor die oipcompoﬁerjﬁs 96 molhted to the carrierin >’
trana flijpchipatangeméntwithl contap padsr27 Gnoriented dowaward. lamination,
or opEmiconductordie 274 indludes an agtive,surfpce 278 containing.analog o

igital circuits mplerﬁé)nte as active ewc%s, passive devices, conductive

complayets; andtdigleetric layers fesned withinrtheldie @htheletlricatly epoxy
acryilifIcopested aceaiding,lo he elagticaldssign odfupetion. of the die. For

example, the circuit may include “one or more transistors, diodes, and other
Encagifsuiteglements fermedwithirdactivesurfaed 278otiaiphanént Basabapdect s
the Q02109 SClfguits OF digitp] circuits, such as,DSP, ASIG.memoary,or other

signal processing circuit. Semiconductor die 274 may also
contaminants. Encapsulant 288 undergoes grinding or plasma

and

etching to planarize the surface and expose stud bumps 280.

A topside build-up interconnect structure 290 is
formed over a first surface of encapsulant 288. An insulating
or passivation layer 292 is formed over encapsulant 288 and stud
bumps 280 using spin coating, PVD, CVD, printing, sintering, or
thermal oxidation. The passivation layer 292 can be one or more
layers of Si0O2, Si3N4, SiON, Ta205, Al203, or other material
having suitable insulating properties. A portion of passivation
layer 292 is removed to expose stud bumps 280.

An electrically conductive layer 294 is formed over
insulating layer 292 using patterning with PVD, CVD, sputtering,
electrolytic plating, electroless plating process, or other
suitable metal deposition process to form individual portions or
sections. The individual portions of conductive layer 294 can
be electrically common or electrically isolated depending on the
connectivity of the individual semiconductor die. Conductive

layer 294 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,
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contain IPD, such as inductors, capacitors, and resistors, for -27 RF signal
processing. In another embodiment, a discrete semiconductor component is
mounted to the carrier or interface layer. A plurality of stud bumps 280 are
formed over the wettable contact pads of conductive layer 272. An
encapsulant or molding compound 288 is deposited over semiconductor die

OT O3 PR Tart’<thd'blitnFs 286 tisingd Baste phttihgY EoMmpréssive moldiflly, POTt+on

of ctaasfermaldingliquic encapswaridnelding, vacuumlamiration, arathebump
suitable applicatgr. Encapsulant 288 can be polymer composite material, .

280 - USRS BpBRY fest With Hiller SpoRy “déryfated With iller, Gt poRmerwith = 1211y

commpioper fikare Fncapsulant 2881is ben-condustivengand envirenmestadlyy and

¢ rotects the semiconductor device Cjfiom, external elements and

UNCE G mifants SEREAP UMt 288 UnderdaeS grinding or plasma etching to

planarize thessurfacevand expase stoid inpps: 28014 topside baijd-apted over
interconnect struc 290 js .formed over a first sur of encap nt 28

con S a O phedivaion Ar 505 16 forhetEaves cdp San b hd VP

Res istudlvbumpg280A8%ing spihecaatingpPVEX, IGMD pprirdtings sihterindg ©r  TaN,

. ~. thermal oxidation. The passivation layer. 292. can be one.or.more_ layers of
N1 605! SaNiA, SION, TAo05 AL2OS. of offer Material having Sutale " °
and ihgllatihg prapertiés. A powticrtafyassivation2Ryer 292 ¢ resoveckto
resi QMRS S bUMPS280, A elestiically sondydtive.layer 294 is fprmed over

insulating layer 292 using patterninig with PVD, CVD, sputtering, elecfrolytic
therplalingxeldetrdless plaling process: ot btheraggitable hetaldépositioh or more
1ayeRMOCESS L9 farm individual 9OipNsQr, 88Ctiofisy The ladividyabeartions of i mi ae,
conductive layer 294 can
BCB, PBO, or other suitable dielectric material.

An insulating or passivation layer 300 is formed over
passivation layer 292, conductive layer 294, resistive layer
296, and insulating layer 298 using spin coating, PVD, CVD,
printing, sintering, or thermal oxidation. The passivation
layer 300 can be one or more layers of Si0O2, Si3N4, SiON, Taz205,
Al1203, or other material having suitable insulating properties.
A portion of passivation layer 300 is removed to expose
conductive layer 294, resistive layer 296, and insulating layer
298.

An electrically conductive layer 302 is patterned and
deposited over passivation layer 300, conductive layer 294, and
resistive layer 296 using PVD, CVD, sputtering, electrolytic
plating, electroless plating process, or other suitable metal
deposition process to form individual portions or sections for
further interconnectivity. The individual portions of
conductive layer 302 can be electrically common or electrically

isolated depending on the connectivity of the individual
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be electrically common or electrically isolated depending on the connectivity
of the individual semiconductor die. Conductive layer 294 can be one or
more layers of Al, Cu, Sn, Ni, Au, Ag, -28 or other suitable electrically
conductive material. One portion of conductive layer 294 is electrically
connected to stud buror(}p 280. Other portions of conductive layer 294 can be

semigeftically Tcoimon dor BEtficallSsoIRtEd deliendiiyg oRthe tesigh aber ©
1ayeftgction f thecsgmicanduetor deyicagh resistive layer 296 ippatternedantcal 1y
depasited over conductive layer 294 and insulating layer 292 using PVD or
condegpVRelidfiVeE 58r 296 is TaxSiy or other metal silicides, TaN, NiCr, TiN,
or dopedipolyrsdlicondiaving a resistivityhetweendyand3l00 emisseed over
O1insu|;51ting ayer 298 iaéﬁormed over resistive layer 296 $8I g PVD, CVD,
CONAKittingG; st of thermal gﬁaﬁﬁgﬁt‘ﬁhoeningﬁ%ﬁﬁg ayer 298 ¢an’be dne
coatammprevayerswal Sigh4nSi0ry SioN, Ta2Qby Zn;, 412, Ad 203 palyimide,.

BOB, PBO,.or other suit dielectric material. An insulating or passiyatjo
e B S0 e Bimetoter baAloR iyt 297 COnBRe IRy 904,00
S1i3NresistiveNayera296, arid ingalating layer<298masing $pih ¢oatingy PVD ICND e

. erinti.n sinterin orthe'rmgl oxidation. The passivation .Ia¥ler1300 canpe .
s e Th e o S102 S SN oS08, WIS b e it~
remoNaving suitalple sesuatinty propestids: YA postith. of passivation layer 300 is

removed,io expose conductive layeng94, resistive laver, 296, and insylatipg

layer 298. An electrically conductive layer 302 is patterned and deposited
strugerjsasshationtayer 3005 conductivenayer 294 aihnde resigtiveilayerl2ggnts or
Istqgng&“@%é3¥5%§a%ﬁﬁﬂﬂg’%E%HG&@E&ve layer 294, resistive layer
296, insulating layer 298, and conductive layer 302 is a MIM
capacitor. Resistive layer 296 is also a resistor element in
the passive circuit. Other individual sections of conductive
layer 302 can be wound or coiled in plan-view to produce or
exhibit the desired properties of an inductor.

The carrier and interface layer are removed by
chemical etching, mechanical peel-off, CMP, mechanical grinding,
thermal bake, laser scanning, or wet stripping. A bottom-side
build-up interconnect structure 310 is formed over a second
surface of encapsulant 288, opposite topside build-up
interconnect structure 290, and the front surface of
semiconductor die 274. An electrically conductive layer 312 is
formed over conductive layer 272 and the front surface of
semiconductor die 274. One portion of conductive layer 312 is
electrically connected to stud bumps 280. Other portions of
conductive layer 312 can be electrically common or electrically
isolated depending on the design and function of the

semiconductor device. An insulating or passivation layer 314 is
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plating, electroless plating process, or other suitable metal deposition
process to form individual portions or sections for further interconnectivity.
The individual portions of conductive layer 302 can be electrically common
or electrically isolated depending on the connectivity of the individual -29
semiconductor die. Conductive layer 302 can be one or more layers of Al,

Formed, &WSNi, AELIAG: o Gthersifitabfe élettttaly conduictive Halterral. Ah

semilBsHtaling OF passivatian layer 3844s farmed averucenduciive dgyers 302 and
passivation layer 300 using spin coating, PVD, CVD, printing, sintering, or

L eMOfratmBY oitlafior “THE passivaiicn fayer 302 ¥anta 61He bit fore Tayers ot 2 -
SiO2, SidN4 SION; Te205; AdZ03u ot other matpriabhaving suitabléeposited

insula 'ngtﬁro er\iles. A pgrt'%on of passivation layer 304 is removed tol ,
OVer o sioke Contilictive 1ayer 302. TRé Studtiréd BBS& et butdSip Tt Y e
platihtercornectitsioucture 290 cansfituie=arie armore passive ciauip elements or

roc!ePstS' In one mbodimgné,rc.onflugg\ée g;\é/eégm,srr?si ive I%Jer 96,
P msul'ating}fayerlﬁg%, LRd Conduictive layer 302 isa Ml ’capa(:itorgResstiv
Cu, lyéd296 isaldo@oresistertelement iretle passive cirenit.@theo madividualx
ections of conductive. layer.302.can be wound or coiled in plan:view to

oL B Bt it R L b SORRetdy sn/eb,

highinterfateslaydeare removeddyf chentcal étching, hechamicalnpeet-offa CMP,

bonagchanical grinding,. thermal bake, laser, scanning, ot wet StRPING A+ or
bottom-side build-up interconnect structure 310 is formed over a second

bondgyadereicafcapsultint 288, eppusitertopside uidRipninterdormeat stivcture

refl%%gx9Qth§ngﬂ§gﬁgﬁgO%aterial above its melting point to form

spherical balls or bumps 316. In some applications, bumps 316

Bi
e 14

are reflowed a second time to improve electrical contact to
conductive layer 312. The bumps can also be compression bonded
to conductive layer 312. Bumps 316 represent one type of
interconnect structure that can be formed over conductive layer
312. The interconnect structure can also use bond wires,
conductive paste, stud bump, micro bump, or other electrical
interconnect

Semiconductor device 270 is stackable. Stud bumps 280
provide vertical, z-direction interconnect between topside
build-up interconnect layer 290 and bottom-side build-up
interconnect layer 310. Conductive layers 294 and 302 are
electrically connected through stud bumps 280 to conductive
layer 312 and contact pads 276 of semiconductor die 274.

FIG. 9 illustrates an alternate embodiment of the
vertical interconnect structure with one or more IPD formed in
the bottom-side interconnect structure after encapsulation.

Similar to the process described in FIGs. 3a-3h, semiconductor
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semiconductor die 274. An electrically conductive layer 312 is formed over
conductive layer 272 and the front surface of semiconductor die 274. One
portion of conductive layer 312 is electrically connected to stud bumps 280.
Other portions of conductive layer 312 can be electrically common or

_electrically isolated depending on the design and function of the
deviggmitohddEHr davicBTRATASHatii S passivationdayér$t4 1-80 féfmed
opt ievelicongustive layer 312 andithe dions sutfaee of semigordustorsdie 7dafer .
portion of insulating layer 314 is. removed by an etching process to expose
An el Giductive tdyer 127 AR ei8Erit Al Contiuctive bbnis riatétiat s 8ositear +o°
us inoverpondustiveslayet 812wsingcam evaperatien,ielgctrelytie yiating; 1 ¢
1 electrolefsgatin?, ball dE%’ or screen printing %roc ss. The bu[;}r?tﬁrmateriall
PLatdl?pe AICSH NI ALS AL PbiBY BUOSOIERY, and combinatibis thet&of " With
depoan optianalfluxe selution.drerexample | thechurfp Mnaterialcarche eutectior e
Sn/be @Qh‘%%d S Ider,hpir Ie%d-fre solg\gr. Thi bumplrinaterial IS bontged to

laye(1::osnc§)uct|ve layer ‘31 rlufsing 4 suitablettachnien >6_rst%oncﬁr?gr]1 bréjc%s%. hone

suitemmbedmient] theclump matedakis i refloweidehyl héatingCthednatetriat abovesits 322

inc1@&5&”%{%@%‘&@@%@%@{ jcal Q%C'%S. Qr.pumps 316, E”r%%@‘f@@pg%a“s%”éd
bumps are reflowed a second time to Improve electrical contact to
bumpeonductive layer 312. The bumps can also be compression bonded to

conductiye layer 312, Bugips 316 reprasent ane fype of IntGreomeet s 324 is

structure that can be formed over conductive layer 312. The interconnect
moungtpgetlire ¢diralseusetondwires, 1 tordudtiveastesSted bumip; microntact

padsPump, grother electical jnieconneat Semigonduciordevie® 279181 ydes an
stackable. Stud bumps 280
active surface 328 containing analog or digital circuits

implemented as active devices, passive devices, conductive
layers, and dielectric layers formed within the die and
electrically interconnected according to the electrical design
and function of the die. For example, the circuit may include
one or more transistors, diodes, and other circuit elements
formed within active surface 328 to implement baseband analog
circuits or digital circuits, such as DSP, ASIC, memory, oOr
other signal processing circuit. Semiconductor die 324 may also
contain IPD, such as inductors, capacitors, and resistors, for
RF signal processing. In another embodiment, a discrete
semiconductor component is mounted to the carrier or interface
layer.

A plurality of stud bumps 330 are formed over the
wettable contact pads of conductive layer 322. An encapsulant
or molding compound 338 is deposited over semiconductor die 324
and stud bumps 330 using a paste printing, compressive molding,

transfer molding, liguid encapsulant molding, vacuum lamination,
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provide vertical, z-direction interconnect between topside build-up
interconnect layer 290 and bottom-side build-up interconnect layer 310.
Conductive layers 294 and 302 are electrically connected through stud
bumps 280 to conductive layer 312 and contact pads 276 of semiconductor
die 274. FIG. 9 illustrates an alternate embodiment of the vertical

OT Oii§rEoRNedt BHtEtFBRNitH 6 br mdre feBIurAed in’ Hie HottomEsie 1 ymeT
complhtareennegtstrugture aften encapgitation: Similag 1@ ther process desekiged
in FIGs. 3a-3h, semiconductor -31 device 320 uses a temporary substrate or

acrylgtier Withtant bpliGhal ifterfaeYaEr, Whidh 6ctRfes dstar &fch-stop layer.

EncafBelegificalyscondustive tayes 322 is-tormed ever ihe cagiet ausifgprotects
patterning with PVD, CVD, s%utterin , electrorlytic glating,a_elect oless plating

the SHRESTBIMther sTifable metd e poSiion process CBhducivG layer 322

conteat beone .or mareatayers of AR U, SrdNigAd sAgr W\ oy siticom 1ar other

- tchsllglitabé% eleftrglca]!lX chnglrjlﬁtivee mgtseerigé.t%%n%ucgvg |%€H 322 in_cludes
wettablé dontact pads for ater formation of stad Bumps. A plurality of
semiconductop dieder compadrents B244s anourted tetthe carrier ig adlipchip

arrangement with contact pads 326 ariented dpwnw Semiconductor die
£ 3 W ) 2§ 30P %98.'.'4% dugtor g
orm§§4 (ijnc?l]:deas an rasc](tglvg %ﬁrfggg 3% c%%%aﬁﬁlﬁé aan%tfog or digita (ﬁl’CULllté s
inteinyrlementedsas activie deviéds, passiveéadevices! tondadtived layergamei vation

1ayeflelepiclaygrs formedwythip the dis, and. glectricallyntercennected, .,

according to the electrical design' and function of the die. For example, the
coatginwit may irrdldde onerortmeragansistors tdicdes, ahdasther eircuitt

pass8iements, foryed within activesyrtace 328 tonimplementbasehandanalog o se
stud bumps 330. An electrically conductive layer 344 is formed
over passivation layer 342 and stud bumps 330. A portion of
conductive layer 344 is electrically connected to stud bumps
330. Other portions of conductive layer 344 can be electrically
common or electrically isolated depending on the design and
function of the semiconductor device. An insulating or
passivation layer 346 is formed over passivation layer 342 and
conductive layer 344. A portion of insulating layer 346 is
removed by an etching process to expose conductive layer 344.
The carrier and interface layer are removed by
chemical etching, mechanical peel-off, CMP, mechanical grinding,
thermal bake, laser scanning, or wet stripping. A bottom-side
build-up interconnect structure 350 is formed over a second
surface of encapsulant 338, opposite topside build-up
interconnect structure 340, and the front surface of
semiconductor die 324. An electrically conductive layer 352 is
patterned and deposited using PVD, CVD, sputtering, electrolytic

plating, electroless plating process, or other suitable metal
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circuits or digital circuits, such as DSP, ASIC, memory, or other signal

processing circuit. Semiconductor die 324 may also contain IPD, such as

inductors, capacitors, and resistors, for RF signal processing. In another

embodiment, a discrete semiconductor component is mounted to the carrier

or interface layer. A plurality of stud bumps 330 are formed over the
depogittabid dontact Pads of eBndietive dyer 322 An BRcapsulait o mldifig Layer
352 eempednd 338s depasited-oversemieorductendie 324y and stud bumps

330 using a paste printing, compressive molding, . transfer molding, liquid
depegfidditutiht Moldingh VaCUS Tariration " B2 6F dtker Sditabte pRReatsr = o
die .Encapsulanti338 qan/be palymeracomposite materaly sudhgs £po¥y resin  cu,

with filler, epoxy acrylate with filler, or polymer with praper filler, Engapsulant
51, Y35 i¢*Hin-Bnd e AHF erVirbr e tall BroIads thi GeEORAICAP
matedevite froovextemal etementsrarith zohtareihantsr Ensapsulanth33dted to

undergoes grinding or plasma etching to planarize and expose stud bumps
st o BT st S0 TS ok & et 121

surface éirenicapsutant 3381 ye build-dpimterconrectstructurer8idanciudes

1ay<§N IspIRfing of pARSIvALoR layer 362 fomed By BB, £VB, pifling, spin
coating, spray” coating, sintering, or therthal oxidation. portion 0
ox1dpassivationllayeri34isaremoyedanean etchingprdeessite exposestud ayers

of shumes 330,An elecircally.conduchiye layer 344 is formed over passivatiofy
layer 342 and 'stud bumps 330. A portion of conductive [ayer 344 is

PBO, elettrichlly tonnddted te stlicbmmips 1330naOthek partions of conductive layer

;’44_ can ﬁ’gﬁé@‘i@%ﬁu}’e compaon gk glectrically isalated depending . &y using
PVD oiggggh Resistive layer 356 is TaxSiy or other metal
silicides, TaN, NiCr, TiN, or doped poly-silicon having a
resistivity between 5 and 100 ohm/sg.

An insulating or passivation layer 358 is formed over
insulating layer 354, resistive layer 356, and conductive layer
352 using spin coating, PVD, CVD, printing, sintering, or
thermal oxidation. The passivation layer 358 can be one or more
layers of Si0O2, Si3N4, SiON, Ta205, Al203, or other material
having suitable insulating properties. A portion of passivation
layer 358 is removed to expose conductive layer 352, insulating
layer 354, and resistive layer 356.

An electrically conductive layer 360 is patterned and
deposited over conductive layer 352, insulating layer 354,
resistive layer 356, and passivation layer 358 using PVD, CVD,
sputtering, electrolytic plating, electroless plating process,
or other suitable metal deposition process to form individual
portions or sections which can be electrically common or

electrically isolated depending on the connectivity of the
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function of the semiconductor device. An insulating or passivation layer 346

is formed over passivation layer 342 and conductive layer 344. A portion of

insulating layer 346 is removed by an etching process to expose conductive

layer 344. The carrier and interface layer are removed by chemical etching,
__.mechanical peel-off, CMP, mechanical grinding, thermal bake, laser
Indiyd4titfirly, B Wet SHpping "A Boftom-Side B Gild-Up intéiohnetlstiictureasee
or nisdfermedever a segond surface ofiencapsylan33a oppesie tepsidenle

build-up _interconnect structure 340, and the front surface of semiconductor
eleckipisrul nh SiRRficaly Eondiictive 1ayer 352 is patterned and deposited

using PR, GY By sputiering, elecirodytica plating) elestrotess platingopiasessver

or other syitable metal -33 deposition process. The in%j'v'dual ortions,of
COn R Eve Tayer 355 Baf Be AABAATY SSmitbRr clecuribally ordadt
coatdepgnding pnaki® coprectivity of the ndiddual semricanduatarn diexidation.

Conductive layer 352 ca one or,more layers of Al, Cu, Sn, Ni, Au, Ag,.or
The e LTe O ey e TR Lo d L aib 15192
Si3Ndlecttically conrecied 23 X6Gd bampst330-and temtael pady 8326 ofuitable
. emiconductor die 324. An insulating layer 354 is formed over, conducti .
s o UL VD, b Sierngy o el SsidAton: The: 12
remonsdlating ¢ayer 354ccarbe bagor hagredayérs - of Si3N4, Si02, SiON, Ta205,

Zn0, Zr%é@?ﬁ@?&@@edgg& iBg&)’ o %%%rl%i@gleiﬁﬁgfgj}%ne ct

material. A resistive layer 356 Is patterned and deposited using PVD or CVD.
struResistive flyef 386 s TakSiyarother metsl siicidessTaN INICFE TN rents or

rppsdoped,palyzsilicaniaving, 2, resistiyity peieean 5 andsE00 ohmiSth ot ing 1ayer
354, and conductive layer 360 is a MIM capacitor. Resistive
layer 356 is a resistor element in the passive circuit. The
individual sections of conductive layer 360 can be wound or
coiled in plan-view to produce or exhibit the desired properties
of an inductor.

An electrically conductive bump material is deposited
over conductive layer 360 using an evaporation, electrolytic
plating, electroless plating, ball drop, or screen printing
process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi,
Cu, solder, and combinations thereof, with an optional flux
solution. For example, the bump material can be eutectic Sn/Pb,
high—-lead solder, or lead-free solder. The bump material is
bonded to conductive layer 360 using a suitable attachment or
bonding process. In one embodiment, the bump material is
reflowed by heating the material above its melting point to form
spherical balls or bumps 364. In some applications, bumps 139
are reflowed a second time to improve electrical contact to

conductive layer 360. The bumps can also be compression bonded
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An insulating or passivation layer 358 is formed over insulating layer 354,
resistive layer 356, and conductive layer 352 using spin coating, PVD, CVD,
printing, sintering, or thermal oxidation. The passivation layer 358 can be one
or more layers of Si02, Si3N4, SiON, Ta205, A1203, or other material
having suitable insulating properties. A portion of passivation layer 358 is
Lo Crived iexpbigconttictive lBBrR 352 AnsGRAiRG I8y er354, BdFreSistive
intelyenhadattAR electically conductivenlayer 36Q ispatteraed apdadepasited ayer
over conductive layer 352, insulating layer 354, resistive layer 356, and
360 - haddivatiohiay& 358 G5ing PVIS FEVD, C?ﬁhtt%jriﬁa, BiRGtBVHE piatings
condelectioless plating proceskudpother suitablemetabdepasiion process ieal
form individual portions or sections which can be electrically common or
gl%%fll‘fé%ﬁ)}isolated depending on the connectivity of the -34 individual
semiconduaetor died Consitictiver layer 360 can e and zarlmore layers afllps 330
Cuy, Sn, Nj, Au, Ag, or other suitable, electrically conductive material. A
roy g L T For 63 et s oo oy g Sh0and
bui lmsulating teyer @58ausing spiar codting; iRV DoC VDO peintirg sintedngpor
. thermal oxidation, T assivation layer 362 can b e or more layers o
i TSN SO, 12005, A LoU G plher Aateral Raving Saber B 1y
connipstkading properties tAportiomnref passivationdayer@62vis dermeved 852 and
360 QMReseconductive layer 360, Fhe stuctures, described in build-up

interconnect structure 330 constitute one or more passive circuit elements or
IPDs. In baedsnivodient asbrieuctivés yer 382, inBalafing fayein3ss, dirmed

in e%%%&@“¥?“®6¥§69ﬂ5@H@mé&39§8@“b8§§EﬂM$ interconnect structure

and bottom-side build-up interconnect structure.

inte

While one or more embodiments of the present invention
have been illustrated in detail, the skilled artisan will
appreciate that modifications and adaptations to those
embodiments may be made without departing from the scope of the

present invention as set forth in the following claims.
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layer 356 is a resistor element in the passive circuit. The individual sections
of conductive layer 360 can be wound or coiled in plan-view to produce or
exhibit the desired properties of an inductor. An electrically conductive bump
material is deposited over conductive layer 360 using an evaporation,
electrolytic plating, electroless platinlg, ball drop, or screen printing process.
The bump material can be Al, Sn, it&t™ &g, Pb, Bi, Cu, solder, and
combinations thereof, with an optional flux solution. For example, the bump
material can be eutectic Sn/Pb, high-lead solder, or lead-free solder. The

Whaty dmpathafis bonded to conductive layer 360 using a suitable attachment
or bonding process. In one embodiment, the bump material is reflowed by
heatin ﬁge aterial above its meltin goint to form spherical balls or bumps
364, S0 ARpHEAIORS, BLMBE-L58 SRS Teflowea s Saconch g 1610
improve elecirical contact to- conduetiverlayer 360. The bumps can also be
campression bonded 35,to conductive fayer 360. Bumps 364 represent one, .
type of “interconnect structure that can be formed over conau&]tivealayer 360

condtihe intercbanect structu@ican alseeaisedione wires, conductive paste, stud

b micro bump, or,other electrical interconnect Semiconductor device

3%? i%msltggkaablgj: tolfj) udnrﬁpg 330 p?ri(l)%i ee?/tetrél(}?a ,ezpd?r%lc’ction interconnect

betweenitopsidesbuiid-ap dntefconnécelager 840andottons sidechuildrpprary

ip&rgonnect layer 350. Conductive layer 344 is electrically connected

through stud bumps 330 to conductive layers 352 and 360 and contact pads

32@pPsarmicondactor i B4 LAS Hemonstrateel BERIGS A9 Cther POsscay

compg%gﬂgugkd around the stud bump;

carr

forming a first interconnect structure over a first surface
of the encapsulant, the first interconnect structure including a
first integrated passive device (IPD) and being electrically
connected to the stud bump;

removing the temporary carrier; and

forming a second interconnect structure over a second
surface of encapsulant opposite the first interconnect

structure.

2. The method of claim 1, wherein the second interconnect

structure includes a second IPD.

3. The method of claim 1, wherein the stud bump includes a

plurality of stacked bumps.

4. The method of claim 1, wherein a height of the stud bump is

less than a thickness of the semiconductor die or component.

37—



in either or both of the topside build-up interconnect structure and
bottom-side build-up interconnect structure. While one or more embodiments
of the present invention have been illustrated in detail, the skilled artisan will
appreciate that modifications and adaptations to those embodiments may be
made without departing from the scope of the present invention as set forth

5. inthe BfoiiRg chiimsI 238 ClaimE Wt Ts damMeEd T A method of making a
seypicerndyetos devigeacamprising: pEowdngastemparary eariesderminga
conductive layer over the temporary carrier, the conductive layer including a

WEEHIE e Tariifig A Sl blth6FerifE WttBie bad; Motinfitg a-hroudn

the seatcopduetor die or component to the temporary carrier; depositing an
encapsulant over the semiconductor die or component and around the stud
bump; forming a first interconnect structure over a first surface of the

6. enmtapsuaritothedirstdhtereonnectistrueture including aclirsiintegrated e or

passi\ée devife (gIPD) anéilbeing electricallé/ cgnn%cted éo thehstud bump; .
componen 1nC ]1:1 es ‘a lﬁ_).C _lg) dSle ONAUCtOoOr Jte aVll’]tg’ an.,active
removing the temporary carrier; and forming a Sécond interconnectstructure

sur faver asecoritesutfase oflehtapsularttopposite taa first intetconnectre .
structure. 2. The method of claim 1, wherein the second interconnect
structure includes a second IPD. 3. The method of claim 1, wherein the stud

7.  biing inelbdesiaot claim 1, wherein the semiconductor die or

component includes a flipchip semiconductor die having an active

surface oriented toward the second interconnect structure.

8. A method of making a semiconductor device, comprising:
providing a carrier;
forming a stud bump over the carrier;
mounting a semiconductor die or component to the carrier;
depositing an encapsulant over the semiconductor die or
component and around the stud bump; and
forming a first interconnect structure over a first surface
of the encapsulant, the first interconnect structure being

electrically connected to the stud bump.

9. The method of claim 8, further including:
forming a conductive layer over the carrier, the conductive
layer including a wettable pad; and

forming the stud bump over the wettable pad.

10. The method of claim 8, further including:

removing the carrier; and
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plurality of stacked bumps. 4. The method of claim 1, wherein a height of the
stud bump is less than a thickness of the semiconductor die or component.
-37 S. The method of claim 1, further including: stacking a plurality of the
semiconductor devices; and electrically connecting the semiconductor
devices through the stud bump. 6. The method of claim 1, wherein the

séicBhbEctor aeer CompotienPinefifdes S fiipEhipsemitAddctoFdiend
sur fhawng anactye ssurface eigiied tewanskthe firstdnteseennash stueture. 7.
The method of claim 1, wherein the semiconductor die or component
SEruRkiiides a flipchip semiconductor die having an active surface oriented
toward the second interconnect structure. 8. A method of making a
semiconductor. deyice, camprising: providing a cargier; forming a stud pbump
11 odiSnBRaHTS MountRg SarnicBRAGEP ale S CorhFanat (6 T Bitrier

int edejositing ar encapsiiantiover the semicarriuctor die or component and
around the stud bump; and forming a first interconnect structure over a first
surface of the encapsulant, the first interconnect structure being electrically

12. cdhrected toothecstud baimp. 8, Thieemethodtdfelaim®, further includinges a
forming a conductive layer over the carrier, the conductive layer including a

plur\fa\/gtltgtg?eop%ds; %% ng?élén%ﬁg stud bump over the wettable pad. 10. The
method of claim 8, further including: removing the carrier; and -38

13. The method of claim 8, wherein a height of the stud bump is

less than a thickness of the semiconductor die or component.

14. The method of claim 8, further including:
stacking a plurality of the semiconductor devices; and
electrically connecting the semiconductor devices through

the stud bump.

15. A method of making a semiconductor device, comprising:

forming a first interconnect structure having a first
integrated passive device (IPD);

forming a stud bump over the first interconnect structure;

mounting a semiconductor die or component to the first
interconnect structure;

depositing an encapsulant over the semiconductor die or
component and around the stud bump; and

forming a second interconnect structure over the

encapsulant opposite the first interconnect structure.

16. The method of claim 15, wherein the second interconnect

structure includes a second IPD.
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forming a second interconnect structure over a second surface of
encapsulant opposite the first interconnect structure. 11. The method of
claim 10, wherein the first or second interconnect structure includes an IPD.
12. The method of claim 8, wherein the stud bump includes a plurality of
stacked bumps. 13. The method of claim 8, wherein a height of the stud
bump is less than a thickness of the semiconductor die or component. 14.

17. Theaetbed of claim 8 durthergncludinge stacking & pludaltyebthencludes a
semiconductor devices; and electrically connecting the semiconductor

plurgdvitds ﬂﬁoﬁ&l’?%@%t&ﬂlﬁlﬁﬁp. 15. A method of making a semiconductor

device, comprising: forming a first interconnect structure having a first
|nt grated passive_devi ceéghPE% forming a stud bump over the fi grst
MRS St { BETR T cB Hbr EampBert I
is mrsts infesconnech structare; dﬁboswmgmrﬁm&pﬁUMﬁvelimaar component.
semiconductor die or component and around the stud bump; and forming a
second interconnect structure over the encapsulant opposite the first
19. intéreom@e;dtcsﬂrucﬁjrelh&mTﬁeSmefhnttbbdattm%pw{uer_:ein the second
int reonnect struct ure clude fal%%cond IPD, 3%17 The@ethod of clalm
1§ whereir the éj ump ? desa p uraf'ty of stacked bun\”lfpl)s?efS’ 'Iﬁhe

methkodoficlai 15 cwherein artweightof the stuehidimpols [esythemsa through
the @{q@egﬁr%t.he semiconductor die or component.

20. The method of claim 15, wherein the semiconductor die or
component includes a flipchip semiconductor die having an active

surface oriented toward the first interconnect structure.

21. A semiconductor device, comprising:

a first interconnect structure having a first integrated
passive device (IPD);

a stud bump formed over the first interconnect structure;

a semiconductor die or component mounted to the first
interconnect structure;

an encapsulant deposited over the semiconductor die or
component and around the stud bump; and

a second interconnect structure formed over the encapsulant

opposite the first interconnect structure.
22. The semiconductor device of claim 21, further including a

conductive layer having a wettable pad, the stud bump being

formed over the wettable pad.
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19. The method of claim 15, further including: stacking a plurality of the
semiconductor devices; and electrically connecting the semiconductor
devices through the stud bump. 20. The method of claim 15, wherein the
semiconductor die or component includes a flipchip semiconductor die
having an active surface oriented toward the first interconnect structure. 21.

23+ ASemiESAdUCOdVics, comprising Ta firsE itftereonnd&tSstiutturk Havirig"a A

intelitsbintegrated passivedevicel(lBPy; astaddimap farmed over the first
interconnect structure; a semiconductor die or component mounted to the
first interconnect structure; an encapsulant deposited over the

24 . s@miosductos dieuer componestand arqunidntheistuebenp; mnerseeard bump

, interconnect structure formed over the encapsulant opposite the first

incligdGeonnd %{rﬁiﬂré 53 The SemicordliBtor device of claim 21, further
including a conductive layer having a wettable pad, the stud bump being

5 T/%Wed over the ggttgble %@d. -40 23 Th?asemi(éqndu§1tlg:rt%evice. of claim 21,

erein the second- interconnect. st?ljfctﬁre ihcludes a second 1PD 2 L.l%élg a

plursémicpndéictor dekieé of elaima2t] wittereindibe isted befmac includesla plurality
Conn%fclsbtggketql%rggﬁ: %% Thseusl%lmg:l(l)rgdgctor device qf claim 21_, further
including a plurality of stacked semiconductor devices electrically connected

through the stud bump. -41
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